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Abstract: In concrete production, aggregate represents almost 75% of the materials used. The 
exploitation of natural sources for this purpose also causes an environmental impact, while 
deposition of wastes from construction industry pollutes soil and water. The feasibility of recycled 
coarse aggregate used as component of concrete has been amply proved. Fine recycled 
aggregate is a by-product derived from the processing of recycled coarse aggregate, but there 
are some technological difficulties for its use in concrete, because of the high water absorption 
and powder content. The aim of this study is to propose and analyse the alternative use of milled 
recycled fine aggregate as mineral admixture.  
For this purpose, dry recycled fine aggregate was processed in a laboratory ball mill for cement, 
with the aid of cylpebs. Grinding was carried out for 2:00, 2:45 and 3:30 hours, and the sampling 
of ground recycled fine aggregate (GRFA) was done after each period. 
For the three grindings periods, the characterization of GFRA was performed for assessing its 
suitability as mineral filler. Tests included determinations of contents of material < 45 µm and < 75 
µm by wet sieving, density, particle size distribution by laser diffraction, chemical composition and 
Blaine specific surface. Additionally, water demand for standard consistency paste with ordinary 
Portland cement (OPC) was prepared as reference, and also determined for pastes with 
replacement of 15% and 30% of cement by GRFA for each grinding period. Also, setting times 
and strength were measured. Results showed limited filler effect from GRFA when incorporated 
in cementitious materials, with the consideration of the grinding period as an important factor. 
Thus, further feasibility studies are necessary in order to investigate different potential applications 
of this ground material. 
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1. Introduction 
 
More environmental friendly practices for concrete production must be taken to achieve 
sustainable development. Aggregate represents almost 75% of the materials used in concrete 
production. This has been analysed in relation with the shortage of natural sources suitable for 
the concrete industry. Moreover, waste concrete and the water and soil pollution it causes are 
significant. 
 
With this purpose, coarse recycled aggregate has been successfully used for new concrete 
production (Hansen & Narud, 1983; Sánchez de Juan & Alaejos Gutiérrez, 2003; Zega & Di Maio, 
2003; Zega et al, 2005; Zerbino et al, 2006; Zega & Di Maio, 2007; Zega, 2010; Zega & Di Maio, 
2011; Barreda & Scanferla, 2011 Zega & Di Maio, 2012). However, the use of fine recycled 
aggregate (FRA) is a practice that still requires further study in the near future (Zega et al, 2010; 
Letelier et al, 2015a; Letelier et al, 2015b). A main issue in this regard is the difficulty to use it for 
concrete production due to it significantly increases water demand. This is caused by high water 
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absorption due to the presence of attached mortar in FRA, and particle shape also contributing to 
make the mix harsher. At the same time, preliminary studies to use FRA as mineral admixtures 
have reported affectation of the properties of cement mortar or concrete both in fresh and 
hardened state (Letelier et al, 2015a). 
 
Also regarding environmental friendly practices, cement industry generates 5% of global carbon 
dioxide emission. Dust particles, gases like dioxide and monoxide carbon, oxide nitrogen, sulphur 
dioxide, chloride, fluoride, and heavy metals are also expelled during clinker production. Several 
actions have been taken to reduce CO2 emission, and one of the most effective is simply reducing 
clinker production through replacement by supplementary cementitious materials that consume 
lower energy for their production. Considering these benefits, the use of ground fine recycled 
aggregate (GFRA) as cement replacement seems very promising and merits further studies (Sosa 
et al, 2015). Then, a decrease in the use of cement can be achieved by replacing it with GFRA, 
and progress in energy savings is achieved with a convenient use of FRA. 
 
In principle, GFRA will work as inert filler. Thus, it is necessary to study its filler effect on cement 
hydration, for which its fineness level is decisive (Lawrence et al 2003).  Fine particles facilitate 
hydration through the provision of nucleation sites and additional space for the growth of cement 
hydration products on their surface, accelerating early hydration of cement and therefore the 
strength development (Lohtia & Ramesh, 1995, Lawrence et al, 2003; Sosa et al, 2015; Arvaniti 
et al, 2015). On the other hand, significant changes in the particle size distribution of cementitious 
materials has a significant impact on water demand and therefore on concrete workability. A higher 
fineness of the blend increases the water needed to achieve the desired workability, and this 
affects the strength and durability. But improved particle size distribution could contribute on the 
other direction and reduce the water demand of the blend. In this sense, including particles finer 
than those from cement improves the performance of cements as regards bleeding, setting time, 
heat evolution, strength and durability (Swamy 1998).  
 
The aim to this study is to produce and use GFRA as inert filler in cementitious materials. Different 
grinding periods are considered for determining the potential benefits of extended grinding period, 
and the influence of characteristics of the GFRA on the properties of fresh and hardened paste is 
assessed.  
 
2. Experimental 
 
2.1. Materials 
 
Fine recycled aggregate (FRA) was obtained by crushing concrete with a compressive strength 
level of 30 MPa, and sieving it through a 4.75 mm mesh. Physical and chemical properties of FRA 
are shown in Table 1. Also, ordinary Portland cement (equivalent to type I ASTM) was used; its 
properties are presented in Table 2. 
 
 
 
 
 
 
 
 
 
 
690 
 
 
Materiales Sostenibles para un Mundo Viviente 
Sustainable Materials for a Living World 
Table 1 – Physical and chemical properties of FRA. 
 
Physical properties Chemical properties 
Density 2.60 CaO 8.97% 
Water absorption 8.5% IR 67.80% 
Material  
< 75 µm 
2.5% LOI 
110º 0.94% 
550º 6.34% 
950º 10.10% 
 
IR: insoluble residue; LOI: Loss on ignition 
 
Table 2 – Physical and chemical properties of cement. 
 
Physical properties Chemical properties 
Density 3.13 CaO 66.65% Al2O3 2.95% 
Blaine S.S.A. 3030cm2/g IR 0.55% Na2O 0.34% 
Material  
> 75 µm 
3.9% LOI 2.33% K2O 0.60% 
Setting 
time 
Initial 4h05m SO3 1.47% SiO2 19.90% 
final 5h35m MgO 2.04% Fe2O3 4.02% 
IR: insoluble residue; LOI: Loss on ignition 
 
2.2. Methods 
 
The FRA was oven-dried for 24 hours at 50°C. After that, 10kg of dried FRA were processed in a 
laboratory ball mill for cement, whit a volume of approximately 0.055 m3, with the aid of 90 kg of 
cylpebs. Sampling was done after 2:00, 2:45 and 3:30 hours of grinding, taking 1/3 of material and 
1/3 of cylpebs each time. Two 10 kg batches were milled with this procedure, and both fractions 
obtained for each grinding period were homogenized.  
 
Duplicate determinations for the contents of material retained on 45 and 75 µm opening mesh 
after wet sieving under pressure of 50 kPa for each GFRA were determined from 1g and 50g 
samples, respectively. Also duplicate determinations for density were obtained with a graduated 
flask filled with kerosene.  
 
Particle size distribution was also measured by laser diffractometry by the wet method with 
isopropanol as dispersant in a CILAS 990 device. 
 
Blaine specific surface (ASTM C204-07) is commonly used for cements, but for mineral 
admixtures an adaptation is a must for obtaining a sample bed with standard porosity of 0.50 
(0.500±0.005), given the different density to that of Portland cement.  
 
Then, the amount of sample required for each determination was calibrated using Eq.1, with the 
aim of achieving a firm bed with the standard compaction procedure. 
 
P =  ρ × V × (1 − ε)                                                                                                                (Eq. 1) 
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Where: 
ρ= Density of the sample. 
V= Cell volume. 
𝜀= Porosity of the bed under test. The porosity required for a well-compacted bed needs to be 
determined experimentally. 
 
With this calibration, the values for the Blaine specific surface area are calculated with Eq.2. 
 
S =
Ss. ρs. (bs − εs). √ε3. √T
ρ. (b − ε). √εs3. √Ts
                                                                                                 (Eq. 2) 
 
Where: 
S = Blaine specific surface area of the sample under test. 
Ss = Blaine specific surface area of standard sample for calibration. 
T = measured time interval for sample under test. 
Ts = measured time interval from calibration test. 
ε = Bed Porosity of the sample under test. 
εs = Bed porosity of standard sample. 
ρ = Density of the sample under test. 
ρs = Density of standard sample for calibration. (3.15 g/cm3) 
b = calibration constant for the sample under test. 
bs = 0.90, constant for standard sample. 
 
Also, water demand for standard consistency paste with cement replacements rates of 15% and 
30% by GFRA for each grinding period were evaluated according to Argentinean standard IRAM 
1612. On these pastes, the influence on the setting time was assessed. 
 
In addition, compression strengths at 2, 7 and 28 days were measured on mortars with normalized 
sand and w/c ratio=0.50, according to the standard ASTM C349. They were compared with 
strength from reference unblended mortar.   
 
3. Results and discussion 
 
Table 3 shows results for wet sieving and density. 
 
Table 3 – Variation in sieving and density with grinding time. 
 
Grinding period 
(hours) 
> 45 µm  
(%) 
> 75 µm  
(%) 
Density  
(g/cm3) 
2:00 28.15/28.54 21.0/18.8 2.62/2.64 
2:45 27.00/26.00 15.4/14.2 2.63/2.65 
3:30 21.26/20.75 10.2/10.4 2.63/2.63 
 
Density values show that there are not variations with the extent of the grinding period, and they 
are very close to the raw RFA. 
 
Triplicate values for the Blaine specific surface area achieved for each grinding period are 
presented in Table 4. 
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Table 4 – Blaine specific surface area for each grinding time. 
 
Grinding period 
(hours) 
Blaine specific surface area  
(cm2/g) 
Average  
(cm2/g) 
2:00 1088/1098/1093 1093 
2:45 1481/1486/1469 1478 
3:30 1984/1967/1976 1975 
 
At the same time, the average size distribution of materials evaluated by laser diffractometry is 
shown in Figure 1. Also, the d10, d50 and d90 (particle size in µm for cumulative percentiles of 
10%, 50% and 90%, respectively) for each GFRA are indicated. 
 
It can be seen that the value for d90 achieved after 3:30 hours of grinding is significantly lower 
than that obtained with 2:00 hours of grinding. This relative change is little significant for d10 and 
d50. This means that increased grinding period is mostly useful for coarse particles, which are 
expected to be the hardest ones at the same time. Then, little improvement is obtained with 
extended grinding, as the impact is almost only seen in a small fraction of coarse particles, which 
leads to little improvement of the potential filler effect. It seems more logical reducing the grinding 
period and using the admixture with a cost effective processing in spite of a small admixture portion 
being too coarse for acting as mineral admixture and cause filler effect. From these results, the 
shorter grinding period among the studied ones seems the most convenient, with recommendation 
for convenient future studies with even shorter grinding periods for energy savings. 
 
 
 
Figure 1. Particle size distribution of GRFAs. 
 
On the basis of particle size distributions (Figure 1), the contents of material higher than 45 and 
75 µm, for 2:00, 2:45 and 3:30 hours, are 23.06%, 20.39%,15.65% and 8.78%, 7.29% and 4.18%, 
respectively. These results are little lower than those determined by wet sieving (see Table 3), 
particularly for 75 µm. A main difference is that wet sieving is carried out with water, for which 
GFRA show great affinity, whereas wet laser diffractometry was carried out with isopropanol as 
dispersant and also dispersed with ultrasound before and during the measurement. Therefore, 
aggregation of particles is prevented for laser diffractometry but not for wet sieving, with 
consequential lower cumulative fractions for the first method.  
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Regarding water demand for standard consistency paste, the results corresponding to a standard 
paste and to those made with 15% and 30% replacement, for the three grinding periods, are 
presented in Table 5. It can be observed that water demand is almost the same for all evaluated 
pastes. On one side, GFRA causes a dilution effect on cement, and water demand should 
decrease on this basis, but GFRA has water affinity at the same time, what seems to compensate 
the dilution effect. It should be noted that the method applied for the determination of water 
demand is based on the penetration resistance of the fresh sample, which is indicative of 
rheological parameters but not necessarily of workability of the mix. Then, further studies on fresh 
concrete would allow discerning whether or not workability is affected by GFRA beyond its effect 
on water demand. 
 
Table 5 – Water demand for standard consistency pastes. 
 
Grinding Period 
(Hours) 
Replacement  
(%) 
Water demand  
(%) 
Reference 0 27.0 
2:00 
15 26.7 
30 26.7 
2:45 
15 26.7 
30 26.7 
3:30 
15 26.8 
30 26.8 
 
Compressive strength evaluated at ages of 2, 7 and 28 days is presented in Figure 2, where each 
value is the average of three determinations. It can be seen that at the age of 2 days, mortars 
made with replacement of 15 and 30% by GFRA have strength around 13 and 36% lower than 
standard mortar, respectively. 
 
 
 
Figure 2 – Compressive strength. 
 
At the age of 28 days, these same average decreases for 15 and 30% of replacement are 9% and 
33%, respectively. Therefore, the influence of the replacement percentage on strength is in 
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accordance with the dilution effect, however no effect of the grinding period can be observed. 
Then, from these results and considering cost effective production, the best performance among 
blended mixes was obtained for 2:00 hours of grinding and 15% replacement.  
 
When the cement efficiency is computed as the strength divided by the unitary cement content of 
pastes (for this the volumes of pastes were computed from the density of materials and assuming 
no influence of the replacing rate on air content), very little to no influence by the replacement rate 
is noticed (Figure 3). From this, a slight physical effect of filler is noticed for 15% of replacement 
independently of the fineness of GFRA, but no improvements are registered for 30% in 
comparison with the reference mix. However, hydration degree of cement cannot be completely 
corroborated by means of strength and further research is necessary for conclusive results. In any 
case, 15% of replacement seems more convenient than 30% for practical purposes in concrete 
applications. 
 
 
 
Figure 3 – Cement efficiency regarding compressive strength. 
 
A slight effect of fineness of GFRA can be noticed from results for setting time (Figure 4). The 
penetration resistance of blended pastes compared with the standard paste is higher for those 
with replacement by GFRA with 2:00 h of grinding, and it decreases for 2:45 and 3:30 h (Figure 
4). This is in connection with the fineness of each GFRA. Whereas for 2:00 h of grinding the main 
effect seems to be due to dilution, with a delay in the progress of penetration resistance with time, 
for longer grinding periods, this effect is offset, presumably by the enhancement of hydration 
through provision of nucleation sites by GFRA. Then, the filler effect results in earlier penetration 
resistance for 2:45 and 3:30 h. In any case, the net effect is small, and this is observed for the 
evolution of the penetration resistance, but it is not so clear for setting times, which are in fact 
conventional limits.  
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Figure 4 – Setting Times. 
 
From these preliminary results, GFRA seems to have limited aptitudes to be used as a 
supplementary cementitious material. Instead, applications as filler for obtaining well graduated 
systems may be suggested. This would allow lower energy consumption for grinding of FRA to a 
coarser degree with possibilities of applications for self-consolidating concrete production. In this 
case, cement replacement is not accomplished but environmental benefits are still possible with 
the substitution of limestone filler (from non-renewable resources) and final disposition of FRA as 
waste material. 
 
4. Conclusions 
 
From the results obtained for the production and application of ground fine recycled aggregate 
(GFRA), with three different fineness levels and in replacing percentages of 15 and 30%, the 
following conclusions are derived: 
 
Mortar adhered to FRA has no influence on water demand when GFRA is used in 15 and 30% of 
replacement of cement in comparison with the unblended paste. Similarly, increasing grinding 
period for higher fineness level does not result in a modification of water demand. 
 
Regarding the grinding period, for the analysed FRA the most convenient results were obtained 
for 2:00 h, as increasing grinding periods did only cause improvements in the grinding of coarse 
particles, with little impact on the whole particle size distribution.  
 
Replacement of 15% resulted in better performance than 30%, due to the significant dilution effect 
that results from this last percentage that means a significant decrease in compressive strength. 
 
GFRA did not show convenient performance to be used as admixture for cement. The use of 
GFRA in self-compacting concrete seems a potentially more convenient application to be studied. 
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